Four populations in the Amazon area were selected for a comparative study of mercury-exposed and non-exposed populations: São Luiz do Tapajós, Barreiras, Panacauera, and Pindobal Grande. The highest mercury levels in human hair samples were found in São Luiz do Tapajós and Barreiras, greatly exceeding the limits established by the World Health Organization. Panacauera showed an intermediate level below 9 µg/g. This was the first comparative and simultaneous evaluation of mercury exposure in the Amazon area. Also, thanks to this type of monitoring, we were able to eliminate the uncertainties about the reference dose. On the basis of these data, we can conclude that the mercury levels detected in exposed populations of the Tapajós River basin may be dangerous not only because they are above the World Health Organization limits, but also because the simultaneous mercury detection in non-exposed populations with similar characteristics provided a valid control and revealed lower mercury levels. Our results support the importance of continuous monitoring in both exposed and non-exposed populations.
Mercury is a metal extensively used in numerous applications due to its property of conducting electricity in liquid form. Nevertheless, mercury is also a volatile metal and its vapor is extremely toxic. Because of its unusual capacity to form amalgams or to combine with other metals, mercury has been used for more than 4500 years in mining activities for the recovery of precious metals. At present, Brazil is the first country in South America and the second in the world in gold production (80% from informal mining or "garimpagem"). Approximately 2000 to 3000 tons of mercury have already been released into the Amazon environment (1) . Final recovery of gold particles is carried out by boiling the amalgam, which increases mercury emissions into the atmosphere. Also, deforestation and river damming contribute as the largest sources of mercury mobilization in the Amazon. This provokes the natural occurrence of mercury in soil and water, with the metal being available for methylation by aquatic organisms (2) . Thus, methyl-mercury is biomagnified through the food chain, with fish consumption being the most significant source of dietary exposure for most riverside communities. In the fresh waters of the Amazon region, many fish species have already been monitored for mercury content, with increased levels having been detected, especially in piscivorous species (3) . These studies have documented a considerable impact of environmental concentrations of mercury, and a frequent incidence of exposure levels with adverse effects on human health (3) (4) (5) . In the Tapajós River basin, the main tributary of the Amazon River, epidemiological and toxicological data have shown riverside populations with a mercury content of more than 10 µg/g (limit of tolerance determined by the World Health Organization, WHO) in human hair samples (6) . In addition, previous studies have already identified three cases of mild forms of chronic Minamata disease among 50 individuals with a mercury content of more than 20 µg/g (4,7).
Despite the tolerance values published in 1980 by the WHO, an increased polemic about the safety limits of mercury exposure has been generated in the last years (8) . This controversy is based on the fact that longterm intake of relatively low levels of mercury initiates subclinical neurobehavioral abnormalities, especially regarding psychomotor coordination (8, 9) . Thus, it is essential to take into account other factors such as individual susceptibility, life style or influence of occupational exposure for an adequate human monitoring.
Considering these factors, four populations in the Amazon area were selected to carry out a comparative study between mercury-exposed and non-exposed populations: two communities located along the Tapajós River (São Luiz do Tapajós and Barreiras) and two along the Tocantins River (Pindobal Grande and Panacauera). The first two communities are located in the southwest region of Pará State (Figure 1 All populations are riverside communities with a very similar life style: among other similar characteristics, fishing and local agriculture represent the major activities and the diet includes a large number of fish meals per week. These populations differ in the influence exerted by regions with increased gold mining activities, very intense for the communities along the Tapajós River (São Luiz do Tapajós and Barreiras).
To analyze mercury exposure, hair samples (about 20 mg) from inhabitants selected according to inclusion and exclusion criteria, were collected with a scissor, cut- Figure 1 . Location of exposed (e) and non-exposed (n) populations in this study.
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Belém ting 1 cm above the insertion, from three different areas of the scalp. These samples were stored in paper envelopes, identified, sealed and transported to the laboratory for mercury analysis.
This study was performed according to the ethical parameters for human research defined by Resolution 164/86 of the National Health Council, Ministry of Health (Brazil), and approved by the National Council of Ethics in Research (CONEP, Brazil). All subjects tested gave informed consent to participate in the study.
Total mercury content was estimated in all hair samples using previously described techniques (10) . Briefly, hair samples were cutted, washed with acetone, and heated in oven at 800ºC. Mercury vapor was collected in gold plates and analyzed by atomic absorption espectrophotometry. São Luiz do Tapajós, Barreiras, and Panacauera samples were analyzed at SEMAN (Seção de Meio Ambiente), Evandro Chagas Institute (Belém, PA, Brazil). Some of them were submitted to a second analysis at the Isotopic Characterization Group, Nuclear and Energetic Research Institute, São Paulo University (São Paulo, SP, Brazil), with more than 90% agreement among the different analytical procedures. Pindobal Grande samples were analyzed in the Laboratory of Ecotoxicology, Tropical Medicine Institute, Federal University of Pará (Belém, PA, Brazil), using a Mercury Analyzer SP 3D (Nippon Corporation, Tokyo, Japan). The precision and accuracy of these measurements were verified using the IAEA 085 International Reference Standard (>95%).
Two-way analysis of variance (ANOVA), followed by the Tukey post hoc test when appropriate, was used to compare means between groups, with the level of significance set at P < 0.05.
The study included a total of 32, 37, 22, and 43 adults, ranging in age from 15 to 65 years, from São Luiz do Tapajós, Barreiras, Panacauera, and Pindobal Grande, respectively. Figure 2 summarizes the results obtained for these populations.
A comparative study with children also has been initiated since they constitute a group especially sensitive to DNA damage provoked by mercury that may trigger cancerigenous processes due to the accelerated development of children. Preliminary results for Pindobal Grande (88 children) have been included in Figure 2 .
In adults, no significant difference (P > 0.05) in mercury content was found when different age ranges were compared for the same population, i.e., 15-24, 25-34, 25-44, 45-54, and >54 years. Also, there was no difference between adults and children in mercury exposure for the Pindobal Grande population. The highest mercury levels were detected in the exposed populations of São Luiz do Tapajós and Barreiras, greatly exceeding the limit of 10 µg/g. In non-exposed communities, the Panacauera population showed higher levels of mercury but still under 10 µg/g. A similar value was previously found in the riverside community of Tabatinga, Pará State (11). These investigators also estimated the total mercury levels in other non-exposed communities of the Amazon region (Santana do Ituqui, Aldeia do Lago Grande, and Caxiuanã, all of them located in Pará State) in an attempt to establish reference values for this area. Care is necessary with the use of these data because they are relatively old (some of them were obtained about 9 years ago) and the characteristics of the population may have changed.
The only way to obtain accurate evaluations is to conduct comparative and simultaneous studies in exposed and non-exposed populations. With the present investigation, this type of study in humans was carried out for the first time in the Amazon area.
In the present study, we were also able to eliminate the uncertainties about the reference dose thanks to the establishment of this type of monitoring in populations with similar characteristics. Now, with these data, we can already affirm that mercury levels detected in exposed populations of the Tapajós River basin may be dangerous not only because they are above the WHO limit, but also because the simultaneous mercury detection in non-exposed populations with similar characteristics worked as a valid control and revealed lower mercury levels. The present study supports the importance of continuous monitoring of both exposed and nonexposed populations. Knowledge originated by this monitoring will better assist the development of preventive strategies and government actions against the problem of mercury contamination.
